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Backaround

e Cardiac ischemia:
— High risk: CV disease = 32% of U.S. deaths
— High volume: “Chest pain” =5.3% of ED visits
— High liability: Missed MI = 2.3% (0-11%)

* Why “Missed MI”:
— History: 33% do not have “chest pain”
— ECG: 35% non-diagnostic, 8% “normal”!
— Cardiac markers: 44% normal on ED arrival
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Objectives:

* Know cardiac imaging modalities and
terminology

e Learn traditional stress testing, and
newer imaging techniques

* Know variables associated with imaging
selection

Is it enough to simply “rule-out MI”?

Trappe K, Jackson RE, Ross M. Ann Emerg Med 2003; 42:S8.

» 108,734 ED visits:
— 2716 CPOU (2.5%)
» 353 CPOU admitted (13%)
35 (10%) serious non-ACS pathology
131 ACS (37%), diagnosed by:
» Stress imaging: 75 (57%)
» Stress ECG alone: 4 (3%)

» Serial cardiac markers: 25 (19%)
» Clinical deterioration: 10 (8%)
» Physician discretion: 5 (4%)

Acute Coronary Syndromes

» The tale of three coronaries:
— Normal, plague (CAD) , ruptured plaque (ACS)

¢ Leading to three levels of disease:
— STEMI, NSTEMI, UA

* Anatomy vs. Physiology:
— Anatomy - >70% coronary occlusion
— Physiology — oxygen supply/demand mismatch

* Ischemic symptoms, ECG changes, stunned myocardial
cell membranes, wall motion abnormalities




Overview: Non-stress Imaging Modalities

e Coronary CTA = Anatomy

Rest sestimibi Imaging = Physiology
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Stress Testing and Imaging Combinations

Stress Modalities: Stress Imaging:

e Echo —rest/stress

» Ischemiainduction

— Graded Exercise ‘
Stress Test 7 e Nuclear:

— Dobutamine ST ‘

— SPECT (Camera)
« Thalium
« Technecium (Tc 99m)
Tc Sestimibi (Cardiolyte)
Tc tetrofosmin (Myoview)
— PET (Camera)
“. * Rubidium

+ Vasodialators
— Adenosine ‘

— Dipyrimadole
(Persantine)

— Regadenoson
(Lexiscan)

First, let’s understand exercise testing!

» Test selection
» Test performance
* Interpretation
» Limitations

Overview — Stress Testing and Imaging:

Stress Modalities: [ StressImaging:

« Ischemia induction » Echo —rest/stress
— Graded Exercise Stress Test
— Dobutamine ST « Nuclear
— SPECT (Camera)
 Vasodilators Bl - Thalium
— Adenosine ==+ Technecium (Tc 99m)
— Dipyrimadole (Persantine) = igestimbi(Gardiolic)

. - Tc tetrofosmin (Myoview)
— Regadenoson (Lexiscan) — PET (Camera)

K. Rubidium

Case #1

e 45 year old male smoker with
hyperlipidemia.

— Presenting with epigastric and midsternal chest “discomfort”
(not pain) radiating to the neck. Associated with sweats and
dyspnea. Relieved by antacids. . .

— A “normal stress test” in the office one month ago:

« “No ST changes at 65% PMHR”"

— Normal exam

- ECG: Lﬂwmwﬁﬂ_v\lw]@ﬂ
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Physiology of exercise testing

» Energy expenditure:
— 1 MET (metabolic equivalent) =
« The resting homeostatic requirement
* 3.5 ml O2/kg/min
* Roughly 1.2 cal /min
Oxygen consumption:
— VO, max = HR x SV x A-VO, difference

e Oxygen supply mismatch:
— coronary ischemia — 3 MEASURES
* Clinical
* Hemodynamic
* ECG changes




Complications of exercise testing
'
® Acute MI (within 2 days)

o ) Morbidity Maortality Total

® High-risk unstable angina Number Rate Rate Complications  Physician
» Uncontrolled cardiac ¥ causi N Investigator (ref. #) of Tests iper 10,0000 (per 10,000 iper 10,0040} Supervised?

compromise 24 1.0 1.4 Yes*

. 1 0.5 8.9 Yes®

® Active endocarditis 0 0 ) Yes*

. . N 1.4 e

* Symplomatic severe aortic stenosis , o o

» Decompensated symptomatic heart failure Yes*

* Acute pulmonary embolus or pulmonary infarction

* Acute noncardiac disorder that may affect exercise performance or
be aggravated by exercise (eq, infection, renal failure, thyrotoxicosis)

& Acute myocarditis or pericarditis

® Physical disability that would preciude safe and adequate test
performance

American College of Sports Medic ideli e
testing and prescription, sixth edition. senior editor Barry Franklin,

» Inability to obtain consent 2000. Lippincott, Williams, and Wilkins, Baltimore, Maryland.
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Slectrocardiographic

W depression
TOtAL TR - - GRADE (%) 5 The sEmE il :{Tu:mum 3.3[ rlc\-a{um -
is motor driven. Speed Number of leads showing 5T changss
and gradien( Duration of 8T deviation into recovery

ST/HR indexes

(st?epness) can be Exercise-induced ventricular archythmias
varied. i uset of ST deviation

STANDART BRUCE

The most commonly -
MODIFIED BRUCE used protocols are the Maximum exercise systolic blood pressure

TOTAL TME & et G Standard Bruce and Maximum exercise double product (HR » BP)
. Total excreise duration
& 7 the Modified Bruce. Exertional hypotension (drop below preexercise value)

unm exercise hearl rale

9
12 Endpoint is usually
L “symptom - limited” — nduced angina
“7 Excreisc-limiting symploms
1 Time 1o anset of angina

ropic incompetence

HE indicates heart rate; and BP, blood pressure,




—— SUBMAXIMAL EXERCISE ——— MAXIMAL EFFORT ———— SUPINE RECOVERY
H T

Indications for stopping a GXT .
» Goal — 85% age predicted max HR e

» Absolute indications
—>1mm ST elevation (other than V1 or aVR) ' L

— Drop in SBP >10mm Hg with evidence of
ischemia despite workload increase ] e :

— Moderate to severe angina - - e

— CNS symptoms :

— Signs of poor perfusion

— Sustained V. tach : .

— Technical difficulties monitoring the patient ! Diastolic Blgod Pressurs (mmH

— Patient’s request to stop - : :

1/3 MAX  2/3 MAX 25-34 35-44 45-54
AGE (years)

Sensitivity, specificity, and predictive
accuracy of exercise stress testing

Chronotropic incompetence

Attenuated heart rate e M Meta-Analyses of Exercise Testing™

response to exgrmse Defects Only Number of Taotal Number Sens. Spec Predictive
— <85% age adjusted max HR 0.851 . Grouping Studies of Patients (%) (%) Accuracy (%)

Greater risk of death over 2 -“'.E‘:;"(_,”I:rf" Meta-analysis of standard exercise test 147 M7 8 7 n

yrs 0,20+ Meta-analysis without ML 58 11691 a7 n [

— Independent of age, sex, Meta-analysis without workup bias 3 > 1000 50 90 69
thallium perfusion defects, ~ Both Meta-analysis with ST depression n 9153 9 0 69
and other confounders: 0.851 Meta-analysis without ST depression 3 840 67 84 75

. Adiusted risk = 1.84 Log-Rank 12 = B4, P<.001 Meta-analysis with digoxin 15 6338 68 ] n
AUl 5, = s Meta-analysis without digoxin 9 3548 n 9 k(]

— Independent of ¥ 1o \'g 20 25 Meta-analysis with LVH 15 8016 68 69 68
“Chronotropic index” which . Meta-analysis without LVH 10 1977 72 n 7
corrects for age and fitness: No.of vears After Test — — — -

« Adiusted risk = 2.19 Survival as a Function of Chronotropic Index Sens indicates sensitivity; Spee, specificity; MI, myocardial infarction; and LVH, left ventricular hypertrophy.

and Presence or Absence of Thallium

Perfusion Defects
Lauer M, etal. J 529,

Stress testing patients through the ED:

“chest pain center patients” How does this relate to our patient?
Author Morbidity | Outcome

Tsakonis (1991) None |SAFE e Can we send him home with antacids?
Kerns (1993) None |SAFE » What was wrong with his stress test?

Less cost . .
Gibler (1996) None |Sens=29% e What options are available?

Spec= 99.4%

PPV = 44%

NPV = 98.7% — Repeat stress test?

Gomez (1996) None SAFE . . .
Less cost — Stress test with imaging?

Zalenski (1998) None |2ens=30% —Imaging alone?

NPV = 98% ho

Sens=73% —_
Polanczyk (1998) None [Sens=73% Cath?
NPV = 98%

Farkouh (1998) None Effective
Less cost




Stress Imaging - Nuclear Thallium

Biologically, the hydrogenated Tl+ ion is the size of potassium

Radiopharmaceuticals: ions (K+) and behave biologically like K+.

— i s It enters cells quickly via the Na/K pump, and becomes part of
POtaS_Slum analogs. the intracellular K pool.
Thalium-201 ADVANTAGE WITH TL

¢ Rubidium-82 — Long accumulated experience

— Technecium-99m labeled agents: _ Rapidly redistributes:
¢ Tc-99m-sestimibi  Patients must be imaged very soon after injection
. Tc-99m-tetrof : « Not practical for ER “STAT” rest imaging
V=20 DR SN — Energy not optimal for gamma camera's.

¢ Tc-99m-teboroxime Inferior Image Quality

Crosses the cell membranes passively;
via the cells’ negative membrane
potential

Once intracellular it accumulates in the
mitochondria.

ADVANTAGE WITH SESTAMIBI

NO significant redistribution over 3 hours
Higher dose can be used for better image
quality

Produced from kit - readily available

Global shortage presently
Eliminated by the liver - artifact problems

Gated SPECT - an acquisition technique where the patients
ECG is used to guide image acquisition

Shows wall
motion and
ejection
fraction

iy Corrects for
*a I anatomic
artifacts

Std SPECT Gated - SPECT




Coronary artery territories

“One Day” Nuclear Protocols

* “REST-STRESS” PROTOCOL (2-4 hours)

— 8mCiat REST --- 24 mCi at peak STRESS
imaging after 30-60- maging after 30-60 min

— Allows big dose for stress imaging

* “STRESS - REST” PROTOCOL (2-4 hours)

8 mCi at peak STRESS -- ----24 mCi at REST imaging
after 30-60-- maging after 30-60 min

Don’t need rest if stress is negative

* KEY POINT:

— In all one-day protocols the second dose must be "strong”

enough (2 % - 3 times) to overpower what is left of the first
dose!

ormal stress MPI

Perfusion terminology:
o o o } NORMAL - no defects

— FIXED DEFECT

c ¥ ﬁ - « Equally present on stress and rest
g * 5 images

« Usually old infarct or anatomic
artifact (breast)

Stress-induced changes in the
lateral wall from the base to the REVERSIBLE DEFECT
apex (small lines) Angiography - + Present on stress, absent on rest

LCX /RCA occluded. (ie. reverses back to normal on rest
images)

« Usually indicates inducible
ischemia from significant coronary
occlusion. Consider cath.

Normal stress MPI

)

e TOP ROW = REST
« BOTTOM = STRESS

0
o}
n
n

Positron Emission
Tomography (PET)
* Rubidium Isotope
— Potassium analog (like TI)

» Short half life (generator
required '

» Coincidence unit —

— Excellent for artifact
elimination (obesity)




Stress Imaging - Echocardiography
REST _ fq‘ Tn  EXERCISE e,

MRI vs Nuclear???
FUnction) Viability)
il F

Case #2

70 year old female with diabetic
neuropathy presents with transient
dyspnea and left arm discomfort.

Exam - wheel chair bound
ECG: LBBB
Negative serial cardiac markers

Echocardiography versus Nuclear Imaging in
the ED

Sensitivity and Specificity of Acute Imaging?

Sensitivity (%) Specificity (%)

Echocardio-  Perfusion  Echocardio-  Perfusion

graphy Imaging graphy Imaging

M 100 (65-100) 100 (65-100) 84 (78-89) 86 (80-91)

MI or PTCA 100 (75-100) 100 (75-100) 86 (80-91) 89 (81-94)

MI or SiDs® 88/(60-98)  80(55-06) 50 (26-78) 48 (24-76)
MI, SigDs®, or positive

stress 75(53-89)  75(53-89)  88(60-98) 90 (83-96)

2Numbers in parentheses are 95% C.I. Sensitivities & specificities of echocardiography & myocardial
perfusion were not significantly different.

" Significant disease Paventi et al. Resusciation 2001;49:47

MRI imaging -
“MUGA ON STEROIDS”
* Pros:
— Much greater detail
— Sensitivity / specificity comparable to nuclear
— No radiation

» Cons
— Limited experience and availability
— Expensive
— No proven advantage over nuclear / echo

Pharmacological stress testing

Persantine Adenosine Dobutamine

e Receptor Alpha | Beta agonist

Titrated: Titrated:
S0 SrHicrog ki rnin —— QT —t—
140 microg kg min : Rgimin + Atropine

172 20 sec
Arinophyfing

Minor symptomatic 75%

Flushing
Shortness of breath




Persantine / Adenosine stress testing

Dipyridamole / Adenosine
— Dilate coronary arteries
« Fixed stenosis does not
Totadose. 056 mg | kg Jefect 5y A atdaheorfusion
phenomenon
— Only with nuclear imaging

— Both drugs are probably
equally effective.

DIPYRIDAMOLE PROTOCOL

Injieet Tracer *

l [ | Dipyridamole
— Well suited for patient with
LBBB

- Thet fals‘e pgsslgye rate wm(] tgh(\)s
protocol Is 2-5% compare -
B ¥ ¥ ¥ Koo N o2 x ¥ !10% for treadmill tesl}ng

— Drug of choice for patients on
beta-blockers.

Persantine stress testing

Dose = 0.142 mg/kg/min IVPB for 4 minutes
Common reactions:
Dizziness
Nausea / vomiting
Flushing
Headache / parasthesias
Tachycardia
ECG abnormalities
Serious reactions:
— Hypotension, severe
Bronchospasm
— Myocardial ischemia / infarction
— Arrhythmias
Treatment of adverse reactions:
— Severe reactions - IV Aminophyline (250mg IVP)
— Mild reactions — caffiene (ie a cup of coffee or cola)

« Preferably a few minutes after isotope has been injected, or study
may be falsely negative.

A SUMMARY OF STRESS TEST SELECTION:

Exersize ECG:

— Ambulates well

— Normal ECG

— Lower probability of coronary ischemia

Exercise ECG with imaging (nuclear or echo):

— Ambulates well

— Nonspecific or equivocal ECG changes

— Moderate to higher probability of coronary ischemia

Persantine or adenosine nuclear study:
— Patient does not ambulate well

— Pacemaker / LBBB

— NO bronchospastic disease history

Dobutamine ECG alone or with imaging (nuclear or echo):
— Patient does not ambulate well )
and DOES HAVE bronchospastic disease history

Persantine / Adenosine - Contraindications

Persantine allergy

History of bronchospastic disease
Hypotension

Hypertension (sbp>200, dbp>110)
Wheezing

Theophyline allergy

Definite unstable angina

CHF

2nd or 3rd degree heart block

Caffeine within 12 hours

Xanthine drug (theophyline) within 48 hours
Severe or bilateral carotid artery disease
Moderate to severe aortic stenosis

Total Ho. of  Sensitivity,  Specificity, Fredictive
Palients % k] Acouracy, %

Meta-analysis of standand exercise ECG 24047 (2] w e

Excluding MI patients. 11631 &7 T 69
Limiting workup bias 2350 50 90 69

Meta-anatysis of exercise test soores 11788 80
[Parfugion scintigraphy P B0 Ba
Exercisa echocargiography 78 4]
Nonesercise stress tests

Pharmacological stress scintigraphy < 5 a ar
Dobutamine echocardiography = 4 86

EBCT i 49 i

M| iniicatis myocardial infarction.

O'Rourke RA, et al. J Am Coll Cardiol 2000;36:326-40

Case #3

» 40 year old female diabetic smoker with
left chest discomfort lasting 15 minutes
following a heated argument with her
teenage son. Hurts to breath and
radiates to back. Only med is BCP.

* Normal exam ' . . .

- Normal ECG L e e el
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Why not simply get rest imaging?

e ogistics
* Benefits
eimitations

Timing of Sestimibi injection and imaging:

e “Stunned myocardium”

— Abnormal uptake of setimibi by ischemic
myocardial cell membrane

— Lasts roughly four hours from the time of
resolution of ischemic pain
* What about “silent” or painless ischemia???

e Bottom Line: Can not trust NEGATIVE results if
— injection past 4 hours
— Imaging past 4-6 hours

ERASE Chest Pain Trial: Study Design

ED Evaluation ED Triage

ED pt Informed Follow-up

Sx of ACI Consent
Non-dx ECG ECGs
Enzymes

Sestamibi =

Scan

Udelson et al. JAMA 2

Imaging Ischemia After Symptom
Resolution

lest MPI

n O O

e ————
6 24
Time from sx resolution (hrs)

MCQOV / Ornoto five track strategy Outcomes of
Sestamibi Imaging @ 30 days

(Ann EM 1997;29:116-125)

Effect of ED Sestamibi Imaging on
Admissions in Patients Without ACI

p <0.001

OR = 0.68 (95% CI = 0.57-0.82




Studies of REST sestimibi in the ED Rest and Stress Nuclear Imaging in the
Klocke et al. ACC/AHA/ASNC guidelines 2003 Emel‘gency Department

% |
% |
[0]

92

9

Fesmire et al. Ann of ER Med 2001;38:207

What about
Coronary CT angiography?

e 70 patients received both cardiac cath
AND coronary CTA
— Cath used as gold standard

Table 2. Diagnostic Accuracy of Coronary MSCT Compared to QCA for Detection of Lesions
=50% in Patients

Sensitivity Specificity PPV NPV
Fatients (n = 70 32740 (95%) ) 38741 (93%) 27129 (93%)
Arteries (n = 279) 63769 (91%) 4 i) £3/79 (300) 1594/200 (57%)
Segments (n = 933) T2/92 (B6M) BO2/B43 (350%) TH120 (66%) BOL/ELS (F80%)

Values ar= o (%),
MSCT = multidice computed tomography; NV = negative predictive vabues PPV = positive predictive vilug; QCA =
quantitative corcnary angicgraphy.

CARDIOLOGY/ORIGINAL RESEARCH

The Diagnostic Accuracy of 64-Slice Computed Tomography

~2504 ¢ margin of error” (anc:n.}r_\' Angio raphy Compared With .\':Ircs.:'. .\'u.ulc‘tr ]IInJgi.Hg

Dlepartment Low-R. “hest "ain Padents
Gallagher M, Ross MA, Raff G, et al. Ann Emerg Med. 2007;49:125-136.
* 92 ED Low risk chest pain patients
— All had Rest / stress sestimibi AND coronary CTA
— Surrogate clinical outcome or cath

Table 3. Myccardial perfusion imaging and multidetector CT
accuracy (n=85).

Imaging Sensitivity  Specificity

methon n n PRV () NPV (1)
Strass T1% (5/T) S0% (TO/TE) 38% (5/13) 97%(T0,/72)
nuclear  (36%-02%) (B1%-95%) (18%-54%)  (S0%-99%)
Imaging

(95% CI)

Multidetector  86% (6/T) 92% (T2/T8) 50% (6/12) 99% (T2/73)
CT (95% (49%-07%)  (B84%06%) (26%-75%) (O3%-100%)
cly

% Stenosis difference

40 60
Average % stenosis
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What about Coronary Calcium Scoring? — PRO:

Coronary Artery Calcium Scoring in the Emergency Department:

Calcium Scoring — Con:

Idenuifying Which Patients With Chest Pain Can Be Safely
Discharged Home

-calcified plague >75% = 18%

* Rosen BD, et al. J Am Coll Cardiol Imaging. 2009;2:1175—
1183

Table 3. Sensitvity, specl

Tost Charnctoristics P Valun

oo » Non-calcified plaque = 8%
— Hoffman , et al. J Am Coll Cardiol. 2009;53:1642—1650
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Table 4. Studies examining the rels upary syndrome in the ED setting.

Specificity, & BE, %

Year




What about the “triple rule out” ?

Triple-Rule-0ut CT Angiography
for Evaluation of Acute Chest
Pain and Possible Acute
Coronary Syndrome'

patients with acute chest pain: triple rule-sut profocol
versus dedicated coronary CT angiography

e

Halpern Radiology 252:2 2009 [Chrtes 5. W

* Rule out - ACS, PE, Dissection (or other path)

Only low risk patients — no CAD, low prob PE/AD
Technical issues — head-toe vs. toe-head
More contrast

About 50% more radiation than cCTA alone
¢ cCTA —men = 9-15 mSv
¢ cCTA —women = 13-21 mSv

o0 ol 1 10 100 1.000 10,000
0.001 001 o1 1 10 100 1,000
0.00001 0.0001 0001 o0 01 1 10

Doxe, Equivalent Dose, and Weighted Equivalent Dose
o1 01 1 1 100 1.000 10,000
v | 0.001 0.01 a1

000001 0.0001 Q001
0.5 5 30

Radiation Dose to Patients From Cardiac Diagnostic Imaging
| Andrew T Einstein, Kevin W. Moser, Randall C. Thompson, Manuel D. Cerqueina
and Milena I. :
) P ERTY

Average Cost Cost Range = Add-ons”
{in U8, 8} {im UK. )

notion], Cost daes dedmod feoan Refs, £, 9,

sten by Shoaw et al.
e —

1 amnl wirabd b sl b wary i sthes healih care
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What about radiation?

NEW ENGLAND
JOURNAL o MEDICINE

Elemests of Danger — The Case of Medical Imaging

B @ wWoman

[P S ———

Forcuntage of Sublods

i

Lo Medim  Wgh  vayHgh
plimi pI-10nE) pEeSOmS]  (Smi)
Anml Effactva Doca

Figure 1. Overall Disribution of Anmual Efectiee Deses of Radinion
in the Sty Fopulation, Sratified Aceording fo Se.
Percentages may not total L0D because of reunding.

ot i Ut o B s g b Mo, JH¥L 300

TR T e )

O Other
W Thyroid
O Stomach

"
o

B Marrow
Blung
W Liver

]

Effective Dose (mSv)

=

Radiation Dose to Patients From Cardiac Diagnostic Imaging
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Moser, Rany
and Milena J. Henzlova

Summary

| C. Thompson, Manuel D. Cerqueina

0 Kidney
O Gonads
B Esophagus
W Colon
B Breast

| ® Bradder

* Know how to select and interpret testing

* Know when to suspect a false negative

e Live long and play hard




